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An intensive study has been mede of data fram three

213 G.M. tubes and one 302 G.M., tube which were carried on the

State University of Iowa-Qffice of Naval Research satellite

Injun III., Median latitude profiles of the electron populetion

of the low altitude region of the outer zone for energles

B, > Lo kev, E, > 230 keV, and E_ 2> 1.6 MeV have been

derived. Notable of the features of the median profiles are:

1. The large diurnal variation for I, > 7.5 for trapped
and precipitated 4O keV electrons.

2. The lack of a sharply pronounced ‘'slot' for LO keV
electrons and the comsequent softening of the integral
electron spectrum around L = 3.0.

3. An apparent small diurnsl variation of 230 keV trapped
electrams for 6 < L < 8.

4, A temporal change of ~ 1 order of magnitude in the
intensity profile of 1.6 MeV electrons preceded and
followed by periods of relatively steble intensity
far2 < L X 4.5, This change occurred during a

K, = T magnetic storn which began on June 6, 1963.

The dependence of intensity on l B I was investigated

with the following results: o
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1. For specified L-values in the range 2 < L S T.5
there is an apparent decrease in intensity of 40 keV and

230 keV electrons of sbout 2 to 3 orders of megnitude for | B |
going fram ~ ,2 to ~ .5 gauss.

2. The intensity of 1.6 MeV electrons also decreases

~ 2 arders of megnitude with |B| going fram ~ 0.2 to

~ 0.5 gauss and for 2 € L < L.5 the decrease in intemsity

due to the magnetic storm on June 6 is clearly evident.

i



I. INTRODUCTION

The purpose of this study is to examine the morphalogy
of the electron distribution in the outer zome fram 237 to
2765 Xm by means of representative profiles of intensity
versus L for various local times and by means of long term
median intensities. The existence of an outer zome diurnal
variation in electrons of emergy > 4O keV for L > 8.0
has been demonstrated previously in & gross manner /O'Brien,
1963; McDiarmid and Burrows, 196ka, b; Frank et al., 1964/;
hence local time will be taken into account in this study.

The present investigation will camplement the prior work cited
above by obtaining the morpholcgy of the diurnal variation
based on a collection of latitude profiles for both LO keV and
230 keV electrons and by extending the gross study of the outer

zone latitude and altitude dependence of electron fluxes.



IX. COGRDINATE SYSTEM

The coordinate system to be used is an I~local time system
with McIlwain's /I961/ L parameter and geographic local time.
The I~coordinate system 1s recognized to lose its simple
geametrical interpretation in the outer zame (L > 3.0);
however L will be used in this study as an organizing parameter,
Questians as to the physical significance of the I-coordinate
system in the outer zone will be overlooked in this study, in
view of the fact that at low altitudes L has proved to be the
best parameter to date for organizing trapped particle
intensities., L as used in this study is at least as valid as
any other non-local time dependent parameter which is fixed to
the earth because the data used were taken in a restricted
range of longitude ( ~ 100°) at different local times
[ct. Frenk et al., 196L/.



III. DESCRIPTION OF THE EXPERIMENT

The overall design and details of the Injun III experiment
are discussed elsewhere /0'Brien et al., 1964/ and will not be
given here. Only the design and characteristics of the pertinent
detectors will be discussed.

The primary detectors to be used are the Anton type 213
Geiger-Mueller detectors designed and comstructed by L. A. Frank
and J. D. Craven of this lasbaratory. Two of the tubes used were
thin-windowed ( ~ 1.2 mg/ cn® mice) and sensitive to electrons of

energy greater than ~ 40 keV and protoms of energy greater than
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tor 1) was
oriented perpendicular to the B-vector (Injun III was
magnetically oriented) with a conicel collimator of helf-angle
13°, the other (Detectar 5), at 180° to the forward directed
B-vectar with & collimator half-angle of 43° (with declining
efficiency as the angle from axial incidence increases). The
directional geametric factors for the 90° detectar and the
180° detector are .65 x 10> cm° sr and 5.5 x 107> cut sr,
respectively, for radiation which is isotropically distributed
and filling the entire collimatcr. In this study the
designation that detector 5 responds to pitch angles o & 43°

and @ = O + 43° are both used although negative pitch angles



are not strictly defined. The collimator of detector § is
synmetrica;l. about the B vectar and the designation

a = 0° + 43° designates this fact explicitly. The strictly
correct designation for detector 5 is however a < 43°,

A 213 G.M. tube (Detector 3) was also placed at 90° to the
B-vectar with a callimetor helf angle of 13° giving a geametric
factar of ~ 2 x 1075 far electrons and shielded by & foil
sufficient to raise the energy threshold to ~ 230 keV for
electrons and ~ 4 MeV for protons. A 302 G.M. tube

(Detector 6) which bas only amnidirectional properties was
also used with a geametric factor of epproximately 0.75 cm2
for direct counting and energy thresholds for direct counting
of sbout 1.6 MeV for electrons and about 20 MeV for protons.
There is an uncertainty in the effective energy thresholds
and geametric factors for the G.M. tubes because both
quantities depend strongly om the electron energy spectrum.
Throughout this paper the nominal values of energy threshalds
and geametric factors listed above will be used. The
gearetric factors are believed to be accurate to within e
factor of 2. The effective energy thresholds for these
detectors have been determined for various spectrums by

J. D. Craven (Master's Thesis, 1964) using a numerical



integration and are shown in Table I (after Craven, 1964).
R (E, 7) is the product of the spectral form

J=3,E7 (3=3,E7) (assumed) and the geametric factar
and efficiency as & function of energy (both measured) and
X (B, 7) is the fraction of counts due to electrons above

the energy E, for a spectrum characterized by 7.



IV. SELECTION OF REPRESENTATIVE LATITUDE PROFILES

One technique of studying the morphology of the outer
zone in general and diurnal variations in particular is simply
to examine the profile of the counting rate of a given detector
versus L as the satellite traverses the outer zone at different
local times. Since Injun III operated successfully for ten
months and telemetry has been taken for same 1500 revalutioms,
i.e., passes through the outer zcame at high latitudes, it is not
practical to present such & quantity of latitude profiles as

results, It is therefore necessary to select only certain

a2 Vanedun~ $ha
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pusses IUr preseutation as repriésen
consideration of all passes to a statistical study which will
supplement the results of Frank et al. /I9647. The selection
of passes to be characterized as typical was designed to
represent the outer zone in an unbiased way. In no case were
passes dlscarded because of the properties of the counting
rates. The first selection was maede according to magnetic
activity and data taken on the ten quietest days and five

most disturbed days per momth /Tincoln, 1963a, b, ¢, &/

were used. Imta fram the months of April, May, June, and July,
1963, were used because the orbit during this pericd provided a

good sampling of all local times, Only Northern Eemisphere data
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were used because the precipitated electron detector looks the
wrong direction along the field line in .the Southern Hemisphere.
The available passes in April, May, June, and July on quiet and
disturbed days were tabulated and approximately half of these
were rejected because the data were not acquired for the

entire pass fram L = 4 to L = 8 with breaks of no more than

1.0 in L. The remaining pesses were then classified according
to local time and from each of four classifications according
to local time 10 quiet day passes and 5 disturbed day passes
were rendomly selected. A tabulation of the passes selected is

given in Teble II,
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V. TREATMENT OF DATA IN THE STATISTICAL REPRESENTATION
OF THE OUIER ZONE FOR JANUARY, FEBRUARY, MARCH, APRIL, MAY,
JUNE, JULY, AND SEPTEMEER, 1963

The Injun III data cutput was routinely summed into
8-second count accumulations and merged with the orbit parameters
B, L, and local time. A smoothing criterion was then applied to
eliminate nolsy data. A check of the output of the epplication
of smoothing criterion by comparison with the input yielded the
result that ~ 20% to 30% of the data points were randcmly
eliminated and all but ~ 5% of the spurious points were eliminated.
The remaining questionable data points do not affect the medians
significantly. The data were then sorted into several categories
specified by selected ranges of the parameters L, B, ard local
time. L ranges of 0.50 and B ranges of 0.20 gauss were generally
used, On each revolution the satellite crossed a given L shell
at a given B-value (altitude) only once at a given local time,
Occasionally more than one data point was cbtained per crossing
of a given B-I range, but these cases were easily ldentified and
only one data point was used; hence each distinct traversal of

a given range in B and I has equal weight.



VI. REMARKS ON B-DEPENDENCE

Because of the eccentricity of the Injun III orbit the
value of scalar B at the satellite for a given L-shell varied by
about a factor of 2.5 for most I values, e.g., from B = 0,19 to
.53 gauss for L = 4.5. The variation of B at the satellite
caused the detectors which respond to a fixed range of pitch
angles to sample various intervals of the eguatarial pitch
angle distribution as the line of apsides precessed in the
orbital plane. If the equatorial pltch angle distribution is,
on the average, not isotropic in the range of pitch angles
which would be counted by Tnihun TTT detectors, then the eounting
rates would be, on the average, different for different values
of B at the satellite.

Plots were made of the counting rates of each detector
as 8 function of B at the satellite for specific I-shells,
exemples of which are shown in Figures 4 to 6, 13 to 15, 21 to 23,
and 26 to 30 which will be discussed in more detail in succeeding
sections. The L-intervals used were: 2.040.1, 2.210.1,

2.310.1, 2.640.1, 2.8+0.1, 3.041, 3.540.25, 4.040.25, 4.540.25,
5.040.25, 5.540.25, 6.040.25, 6.540.25, 7.0+0.25, and
7.510.25, These plots proved to be successful in argenizing

the data to a degree which generally decreased as L increased.



Medians were taken at 0.20 gauss intervals and then fit
graphically with a curve or line. No attempt was made to
account for real temporal variations except for the classifica~
tion of detector 6 counting rates into two epochs in real
time. Real temporal variations are presumably a significant
cause of the scatter which is seen in the intensity versus
B plots, e.g., Figures 4 to 6, 13 to 15, 21 to 23, and
26 to 30. At L ~ 2.0 the typical range of intensity at a
glven B-value is a factor of 2 or 3 and at L ~ 7.0 about
2 orders of magnitude.

The B-dependence ranges fram reasonably clear at
L ~ 2.0, 1.e., there 1s much less scatter of intensities
(factor of 2 or 3) at a given B value than the total apparent
variation (3 to 4 orders of magnitude) of intensity with B, to
very uncertain at L ~ 6.0 to 7.5 where the typical range of
intensity for a given L and specific B value 1is 2 orders of
magnitude as compared to an apparent variation of the medians
with B of about two orders of magnitude or less. Hence, insofar
as the scatter of the data reflects the certainty with which a
B dependence can be established, that B dependence shown for the
higher IL-values (L ~ 6.0 to 7.5) is generally leas certain then that

far lower I~values. The reliability of such plots of I

median vs B for
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specific L values can be checked by examining in detall cases
for which two crossings of an L shell separated by a brief
interval in real time are available during which intensities
in the outer zome are shown to be time statiomary. This will

be done in a later section.
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ViIi. THE MORPHOIOGY OF THE OUTER ZONE AT LOW ALTITULES
AS A FUNCTION OF LOCAL TIME

A.  Electrans of Energy E, » L0 keV
at Iarge Pitch Angles (lrapped")

The representative latitude profiles of trapped 40 keV
electrons are shown in Figures 1 and 2 and the fallowing remarks
are made, In the I-range fram about 8 to 16 & 2 to 3 arder of
magnitude enhancement of intensity is observed starting in the
morning hours and lasting through mid-day which agrees
qualitatively with prior cbservations /[C'Brien, 1963; Frank
et al., 1964; McDiermid et al., 19648/, The nighttime profiles
are usually characterized by a sharp and well defined decrease
in intensity at sbout L ~ 8.0 which is usually taken to indicate
the sensible limit of durable trapping of 4O keV electrams.

The relationship between the limit of dursble trapping cf

40 keV electrons at high latitudes and the magnetospberic
boundary [cf. Freeman, 1963/ observed in the equatorial

plane is not clear. In no case fram about 09:00 to about
15:00 local time was a sharp decrease in intensity of 4O keV
electrans observed--in contrast to local night when a sharp
decrease was cammonly observed, The dawn and evening profiles
are transitional, and the general form of the proﬁles is more
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varisble, lying between night-like and day-like farms. No
diurnal effect for 4 £ L £ 8 is evident in the representative
profiles. In summary of the observations of latitude profiles,
the large enhancement of trapped electrons 8 € L « 16 during
local. day is the most daminant effect in both quiet and dis~
turbed times.

The median latitude profiles of trapped 40 keV electrous
are shown in Figure 3 where local time intervals of 6 hours
vere used coarresponding to dawn, midday, evening, and midnight.
For L _‘f_ 7.5 an empiricel B-correction of the median for
different local times has also been made so the corrected
profiles can be taken to represent cuts thrwgh the outer zone
st constant B, The diurhal variation of the high-latitude
boundary is clearly evident in the corrected medians.i If 1% of
the outer zone "plateau" flux is taken as the boundary, the
boundary occurs at A = 72°, 75°, 74°, and 69.5° for dawm,
midday, evening, and midnight, respectively. The procedure for
correction for B-dependence is outlined in Appendix I. For
_A. £ 65° no appreciable diurnal variation of trapped 40 keV
electrons is observed. The only indication of the presence of
a "slot" in 40 keV electrons is the smell (fector of 2 to 5)
decrease which occurs st about A = 57° or 58° for all local

time as contrasted to the 2 order of magnitude "slot” for the
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230 keV and 1.6 MeV electrons at _A. ~ 55° for all local
times (cf. Figure 20).

The typical B-dependence of trapped 40 keV electroms is
illustrated in Figures 4, 5, and 6 vhich are characteristic
of the entire group of such plots which were used to correct
the median latitude profiles. At L = 2.2 end 2.6 in Figure 4
there is clearly a decrease by factors of 300 and 30,
respectively, in intensity as B goes fram .18 to .42, an increase
of about a factor of 2.k, The equatoriel pitch angles of these
particles are in the range 0° to 2° or 3°, hence it may be
inferred that at the equator the directional intensity increases
by about one or two orders of magnitude in the first several
degrees away fram 0° for L = 2.2 and 2.6. These plots of
3 (90°) vs B allow the evaluation of the median g-g— for
0 _«_(_ c, £ ~ 3°, a quantity which would otherwise beoquite
difficult to observe. At L = 3.5 and 4.5 as seen in Figure 5
the decrease in intensity is by factors of 50 and 20,
respectively, as B increases from ,20 to .50, a factor
of 2.5. For these I, values more scatter is evident than at
L = 2.2 and 2.6; however both the medisn and the envelope of
the data show consistent decreases with increasing B and ome

may still be reesonably certain that the tendency is for a
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decrease in intensity with increasing B at a rate given appraxi-
mately by that quoted above, At L = 6,0 and 7.0 as illustrated
in Figure 6 the scatter of intemsities becomes quite lerge.

This fact is presumably a result of large reel time variations
as well as local time varistions starting at L ~ 7.0, The
mediasns tend to decrease sbout ane order of megnitude in intensity
as B goes fram 0.20 to 0,52 gauss, & tendency which is camnsistent
with behavior seen at lower l~values. The claims which are made
for the B-dependence especially for L > 6.5 must be prefaced

by an uncertainty because of the large scatter of intensities,
The cbscuration of any B dependence at high I values is also
consistent with the cbservation at low I values that the B
dependence beccmes generally weaker with increasing L. The
summery of the median B dependence of 4O keV trapped electron
intensities is shown in Figures 7 end 8.

B.  Electrons of Energy E = 40 kev
5% Sall TItch Angies

The representative profiles of the intensity of 40 keV

electrons at small pitch angles (@ < L43°) are illustrated in
Figures 9, 10, and 11. The counting rates are characteristically
erratic, especially in the renge L > 8.0 because of large
variations of electron intensity in times on the order of

seconds and in distances of tens of kilameters. Such rapid
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fluctuation of intensity has been found to be characteristic
of electrons at small pitch angles in the cuter zome in
previous studies [C'Brien, 1962, 19¢/. The primary cbjectives
of this study are to examine the B, L, and local time
dependence of precipitated 40 keV electroms /cf. Frank et al.,
1964; McDiermid end Burrows, 196ka, B/, and insofar as the
erratic fluctuations do not obscure the general trend of the
data as a function of B, L, and locel time, such fluctuatioms
will be ignored.

The counting rate of detector 5 has been converted to
an equivalent directional intensity of electrons for an
isotropic beam of electrons incident on the detector. The )
directional intensity of electroms is very probably not constant
over all pitch angles less than 43°, hence the counting rate
represents an average over the anisotropic distribution
welghted by the efficiercy of the detector as a function of
angle fram e.ctal iccidencs. The equivalent intensity is used
in order to facilitate camparison with other detector counting
rates but it must be noted that the directional intensity
quoted represents a weighted average over the real angular
distribution.

The profiles of the directional intensity of electroms

E, > Lo kev at small pitch angles (@ € 43°*) usually
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represent particles which are precipitated and lost into the
atmosphere., For purposes of this study all particles mirroring
below 100 km are presumed to be lost in the atmosphere. This
distinction is clearly epproximate because the loss cone 1is
not sharp., However it is a reasomable criterion to use since
Injun III did not measure the backscattered particles
simultanecusly with the precipitated particles in order to
experimentally define the loss cone. In terms of this study
the criterion for Detector 5 (¢ & Lk3°) to measure only
precipitated particles becomes thet @ = sin”t B/B o, < 43°
from the Alfven approximation, BlOO = B at 100 km

altitude for the satellite L end longitude, and a 1is the
half angle of the cone of precipitated particles. Or in
othgr terms, the accepteble velue of B at the satellite for
Detector 5 to measure only particles mirroring below 100 km

is B> B sin® 43°, This criterion was then tested at

100
L = 4,5,6,7,8,10,12 and the passes for which the test failed
are indicated by dotted lines in Figures 9, 10, and 1ll.
Therefore, the portions of the curves of Figures 9, 10, and 11
vhich are not dotted can be taken to represent particles
mirroring at oxr below 100 km.

Although the repre_sentative profiles of the intensity of .

small pitch angle 40 keV electrons ere typically quite irregular,
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occasionally fluctuating abruptly by as much as two orders of
magnitude, certain general festures may be distinguished which
are worthy of comment. The first and most prominent feature
vwhich can be seen in both quiet (Figures 9 and 10) and
disturbed (Figure 11) times 1s the marked diminution of
intensity for L 2 8 quring local night, 21:00 to 03:00 as
campared to those for local day 09:00 to 15:00., Electrom
intensities for L 2 8 seem to be ebout 2 orders of
megnitude less during local night than local day, a result
vhich is in agreement with observations of Frank et al,
[I964] end MeDiarmid et al. /I964a/ and which is further
cofToborated by statistical results of this study. Ancther
cbservation which arises from the study of the representative
profiles is that of the abruptness (e.g., decrease by 2 orders
of magnitude within 1.0 interval of L) of the high latitude
termination of precipitated electron intensities around
midnight as compared to that around local noon. The high
lstitude termination wes never cbserved to be abrupt during
09:00 to 15:00 and was cbserved to be abrupt in at least 80%
of the time during 21:00 to 03:00 in these profiles.

A curiocus feature vhich is comnonly seen in the quiet

time profiles fram about 21:00 to 05:00 is an enhancement



(typically a féctor of 5) of 4O keV electron intensity over a
narrow renge in L ( ~ 0.5) in the region 6.0 < L £ 10.0
usually associated with a sharp decrease in intensity to

higher I values., Out of 19 eligible passes such a sharp enhance-
ment was observed 13 times or in sbout 68% of the cases.,

Because of the sharp character of such an enhancement om its
movement in latitude from pass to pass, it would not be

evident in a study of median or aversge intemsities and must

be observed in a pass by pass study such as done here, This
observation is in general agreement with results of O'Brien
[I962, 19647 that precipitation of 4O keV electrons is gemerally
enhanced near the high latitude termination. However we would
add the remark that such enhancement seems to be most evident

in quiet times and in the local time range fram about 21:00 to
G5 :00.

The median latitude profiles of LO keV electrons at small
pitch angles are shown in Figure 12. 1In order to assure that
these profiles would be characteristic of precipitated
electrons, all data points which were included were taken at
B values equal to or exceeding 0.27 gauss which insured that
Detector 5 was responding to electrons mirroring at or below
100 km for all the L values used. The median profiles were

corrected for L £ 7.5 to a constant value of B = 0.30 gauss
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fram the empirically derived B dependence as seen in
Figures 13, 1%, 15, 16, and 17. The carrection procedure is
described in Appendix I. The diurnal variation is seen quite
clearly in the median profiles of precipitated 4O keV electrons
for A > 65° vhere the median intensity during the night
(21:00 to 03:00) and dawn (03:00 to 09:00) starts to decrease
rapidly and drops by two orders of magnitude between 65° and
70° while during midday (09:00 to 15:00) and evening (15:00
to 21:00) the decline is by factors of 2 and 4, respectively. Tte
highest median value of precipitated 4O keV electron intensity
in the outer zome was found to be ~ 2 x ].O)+ (cm2 sec sr)'l
during local midday in the range A\ = 60° to 65° (L = & to
5.5). There is in the medians a dawn-evening esymmetry for
A 2 T0° with the dawn median profile strongly resembling
that for midnight and the evening profile resembling that for
midday. At A = 70°, for example, the median intensity is
about 103 (cu® sec sr)™! for evening and about 2 x 10°
(em2 sec ts:r)"'l for dawn. Although the evening median points
are irregular, every one for A > T70° is higher than its
corresponding dawn median.

The B-dependence of 40 keV electroms at small pitch

angles @ < 43° is shown in Figures 13, 14, 15, 16, and 17.
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At L = 2,2 and 2.6, Figure 13, the medians decrease by factors
of ~ 1200 and ~ 500, respectively, as B increases by a factor
of 2 fram 0.20 to 0.40 gauss. The typical range of intensities
at a given B value is a factor of 2 to 6. The B dependence is
quite clear at these L-values, Part of the increase scatter
at low intensities ( € 2 x 10°) is due to the statistical
uncertainty of low counting rates. At L = 3.5 and 4.5

shown in Figure 14 the scatter of intensities incrcases to
about 1 to 2 orders of magnitude at a given B velue which is
camparable to the total variation of the medians. The observations
which can be made regarding the B dependence fram these plots
are necessarily uncertein because of the scatter. The general
shape of the veariation of the medians with B is camparable to
that seen at I, = 2.2 and 2.6, where the veriation is much more
distinct, The medians tend to follow the general envelope of
the data and the small fluctuations in the medians are considered
to be insignificant in the presence of such large scatter,

thus & straight line fit of the medians was chosen as an
approximate representation of the B dependence. At L = 5.5,
Figure 15, the scatter at & given B value is generally one
order of megnitude, except for B > 0.38 where two orders of

magnitude is more charascteristic. BHere again the behavior
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of the medians is generally cansistent with the envelope and
with the variation observed at lower I~values. At L = 7.0,
Figure 15, the scatter is ebout 2 to 3 orders of magnitude and
the gpparent B variation about 2 orders of megnitude; hence
the B variations is very uncertain., This plot is included
for completeness and the medians can be fit with an
approximate stralght line which is not incansistent with

the general pattern of observed B dependence. Both real and

local time variations have became quite large at L = 7.0,

C. Electrons of Energy Greater Than
230 keV at large Pitch Angles
a = +13°

The representative latitude profiles of the directional

intensity of 230 keV electroms are shown in Figures 18 and 19.
The profiles of 230 keV electrons are very smooth in camperison
with those far 40 keV electrons, on both quiet and disturbed
days, and typically bave an outer zone maximum in intensity at
gbout L = 4,5 to 5.5 and a regular decrease at higher I-velues
to the threshold of the counter for L > 7.0 to 8.0. A slight
enhancement of intensity is noted near local noon in the

L range 5.5 to 7.C which appears as & slower rate of decrease
of intensity for increasing L. The pass to pass varletions in
intensity appear to be more prominent in the disturbed day

profiles than in the quiet day profiles.
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The median profiles are shown in Figure 20 for dawn,
midday, evening, and midnight of the directional intensity of
230 keV electrons corrected to B = 0,30 gauss as outlined in
Appendix I using the empirically derived B dependence shown
in Figures 21, 22, and 23, and in swmary in Figures 24 and
25. The most praminent feasture of the profiles is the low
value of intensity of 230 keV electrons in the region of
A T 55° +2.5° (L T 3.0 +0.5) at all local times.
When the 230 keV profiles are campared to those for 4O keV
by camputing ratios of median intensity of 4O keV to that of
230 keV as seen in Table III, it beccames evident that the

integral spectrum becames softer as L increases towards 3.0
( N

1

55°) and then harder again as L goes to 4.5

(/- = 62.5°) and then softer agein for L > 4.5. There is
also a small diurnsl effect in the median profiles vwhich can
be seen by considering the median intensities at /. = 67.5°

% 5.0 x103, 1.3 x 103, and 9.0 x 103 for

which are 2.5 x ld
midday, evening, midnight, and dawn, respectively. This slight
enhancement of 230 keV electromn intensity around midday is
also observed in the representative profiles.

The B dependence of 230 keV electron directional intensity

at 90° +13° is shown in Figures 21, 22, and 23, and in sumary
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in Figures 24 and 25. At L = 2.2 in Figure 21, the median
intensity is seen to decrease by about 2 orders of magnitude
as B increased from 0.16 to 0.38 gauss, where the intensity
generslly went below the sensitivity of the counter. The scatter
of intensity at‘-\ a given B velue was camparatively small,
generally fmt&s of about 3 to 10. At L = 2.6 the
intensities were genera.uy near the threshold of the counter
and statistical fluctuations are more severe because of the
low counting rate. The general shape of the medians is a
decrease with increasing B. At L = 3.5 in Figure 22 the
scatter of intensities is quite severe, commonly 2 orders of
magnitude and the total apparent variation of the medians 1is
sbout 1 order of magnitude, hence the conclusions which may
be drawn fram this plot are restricted. The large scatter of
intensities at this I, value, 3.5, is consistent with the
observation that L = 3.5 is in the region where the intensity
increases rapidly towards the ocuter zone maximm and a small
excursion in I of the meximm intensity could easily produce
such scatter of intensities at L = 3.5.

At L = 4.5 the B dependence as seen in Figure 22 is
more certain than at 3.5 because the scatter at a given B value

is less then 1 order of megnitude and the total apparent
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variation of the medians is about a factor of 30 and the
envelope of the data also resembles quite closely the
variation of the medians. The B dependence of 230 keV
electrans for I = 6.0 18 shown in Figure 23, along with that
for 7.0, For L = 6.0 the scatter is severe and it will only
be claimed that the median generally tends to decrease with
increasing B, a fact which is consistent with the more distinct
and certaln dependence seen at lower I values. The plot for
L = 7.0 is included for ccmpleteness and is not intended

to show & clear B dependence and 18 not claimed as such. The
summary of median curves of directional intensity of trapped

230 keV electrons for 2.0 £ L £ 7.0 are shown in Figures 24
and 25,

D. Electrons of Energy Greater Than
1.6 MeV, Omnidirectional

Representative profiles were derived for the amnidirectional
intensity of electrons Just as for the 40 keV and 230 keV
electrons; however since no appreciable diurnal effect in the
intensity was detected in the presence of large variations in
real time, the representative profiles will be cuitted in favor
of an extended study of the B dependence. The reason for the

inclusion of a more detalled study of the B dependence of the
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amnidirectional intensity of 1.6 MeV electrons is an apparent
decrease in intensity which occurred between revolutioms 2197
and 2201 or, in universal time, between ~ 19:39:34 on June 7
and ~ 02:4k4:46 on June 8. This temporal change reduced the
intensity of 1.6 MeV electrons by a factor of 10 or more for
2.0 £ L < 6.5 to the threshold of the 302 counter. The
| intensity remeined at the threshold of the counter for
L > 2.0 until revolution 2203, 06:28:53, June8, when the
intensity was found to have begun to recover, especially in
the range L > 3.5. The intensity for 2.0<_ L < k.5
remained low far the remainder of June and July, as can be
seen in the plots of intensity versus B in which the intensities
are separated into before end after revolution 2200 (Figures 26
to 29). For L > 4.5 the intensity recovered within e few
passes., The decrease in intensity of 1.6 MeV electrons in the
outer zone on June 8, 1963 occurred in the recovery phase of
e gradual commencement magnetic storm which began about 14 :00
to 17:30 UT on June 6. l&) reached 7 for 00:00 to 03:0C on
June 7 /Iincoln, 1963a, d; 1964a, §7. All magnetic
observatories reported in the Journal of Geophysical Research

recorded the storm.
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Considering first L = 2.0 and 2.2 as shown in Figure 26
where the data points fram revolutions prior to 2200 are
indicated by the open symbols and those from revolutions after
2200 by filled symbols. At L = 2.0 the total variation of the
medians 1s sbout 3 orders of magnitude decrease as B increases
fram .16 to .30 gauss and the intensities scatter over less than
one order of magnitude at a given B value, especially when the
data are separated according to before or after revolution 2200.
The B dependence is falrly distinct at L = 2.0 and the separation
of the medisn intensity versus B plot into two groups, the two
real time groups, is becoming evident, At L = 2.2 the B
dependence is very clear and the temporal change of the
intensity versus B plot is spparently larger and more distinct
than at L = 2.0, The typical temporal change in median
intensity 1s about a factor of 3 to 10. A clear B dependence
and a distinct separation of the curves for before and
after the temporal variation is observed to persist through
L =2.4 and 2.6 (Figure 27), L = 2.8 and 3.0 (Figure 28).

At L = 3.5 and 4.5 (Figure 29)the intensities are
scattered over 1 to 2 orders of magnitude for a specific
B value and the intensities are not clearly separated in the

temporal classification; hence the B dependence as derived
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from the median intensitlies 1s less certain. The apparent decrease
in the median intensity at I = 3.5 and 4.5 for revolutions prior
to 2200 is about ‘3 and 2 arders of magnitude, respectively, as
B increases fram 0.20‘5 to 0.50 gauss. The general envelope of
the data and the trend to the medians indicate a B dependence
consistent with thet seen at the lower L velues. The 3 order
of magnitude scatter of intensities 1s very serious at L = 6.0
as shown in Figure 30 as campared to the apparent 2 order of
magnitude variation of the medians, Very little can be concluded
fram such a plot, The general trend of the mediens is not
inconsistent with the variation seen at lower L values. Also
in Figure 30 it may be seen that at L = 7.0 the intensity of
1.6 MeV electrons generally stays near the threshold of the
counter and the study must be terminated in L. A summary of only
the medians of cmnidirecticnal intensity of 1.6 MeV electrons
and the graphically established best curves for all L values
in the range 4.5 § L £ 6.5 is shown in Figure 31.

The overall latitude profile as seen in Figure 32 for
the amnidirectional intensity of 1.6 MeV electrons is repre- |
sented by the intersection of the intensity versus B curves
with the line B = constant, which in this case was B = 0.30 gauss.

For 45° < A £ 60° two separate intensity versus B curves



32

vere necessary for before and after revolution 2200; hence two
separate latitude profiles were derived. For A > 65° there
was no distinct separation of the data points according to real
time and all the data were grouped together in order to finish
the profile. The overall profile for the 1.6 MeV electrons is
similar to that for 230 keV electrons except for the real time

variation present in the 1.6 MeV profile.

E. Detailed Study of Several Passes

A good test of the validity of the B-dependence of cuter
zone electron intensities which is claimed in this paper is
provided by those portions of the satellite data for which there
are several intersections of the same I shell at different B
values separated in real time by only a few tens of minutes,
especially in those instances where it may ressonsbly be con-
cluded that the intensities are approximately constant in real
time and in longitude and local time. When the intensities
appear to be camstant, the cbservation of an intensity at a
given B, L value should allow the prediction of the intensity
at the next intersection of the same I shell at another B value,
an example of which is Revolution 2022 as shown in Figure 33.
For values of L £ 3.0 the prediction could not be tested

because suitable data were not obtained., For Detector 1,
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40 keV electrons at @ = 90° + 13° the largest discrepancy
between the predicted and observed intensity is about 30% at

L = 4.5, Detectar 5 readings which measure 40 keV electrans
at @ = 0° + 43° were predicted to within a factor of 2. The
predictions for Detector 3 which responded to 230 keV electrons
at @ = 90° + 13° were correct to within 30% or 40%, except

at L = 3.5, which deviated by a factor of 1.8. The larger
deviation for Detector 3 at L = 3.5 is not surprising in

view of the larger scatter, hence greater uncertainty at

L = 3.5 than at other I-values, The deviation of the predicted
and observed intensities of 1.6 MeV electrons is less than

50% for all L values tested except at L = 3.5 where the
discrepancy was by a factor of about 3.6, which was almost the
total observed difference in intensity. There are times when
the electron intensities in the outer zome are clearly not
time staticnary (real or local time) over the 15 to 50 minute
real ar 3 to 10 hour local time span which the satellite requires
to recross a given L shell. Revolution 1886 as shown in
Figure 34 was such an obviously non-time stationary situation.
The predicted intensities are greatly in error and for each
detector the intensity profiles intersect between L = 5.5 and

6.0 although the B values are different by about 0.10 gauss.,
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Unless one claims that there i1s no dependence of intensity on
B, 1.e., isotropic equatorial pitch angle distribution for

@, € 2° or 3° one must conclude that the intensity is indeed
time varying and an overall B dependence would not be expected

in itself to explain the cbserved difference in intensities.
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VIII. SUMMARY OF RESULTS

The results of the study discussed above tiay be listed

very briefly as:

(1)

(2)

(3)

(k)

(5)

There is a 2 to 3 order of magnitude daytime enhancement
of both trapped and precipitated 4O keV electrans in the
range 8.0 € L < 16 vhich persists in both quiet and
disturbed periods.

There is a strong tendency for a sharp, narrow enhancement
in precipitated 4O keV electrons during local night

(21:00 to 05:00) which occurs 0.2 to 0.3 I-value less
than the high latitude terminatiom of trapping. This
enhancement 1s most praminent in quiet times.

The decrease in intensity of 4O keV electroms to higher
L-values for L > 6 to 8 1s invariably much more gradual
Quring local day then local night.

There is appsrently & slight enhancement ( ~ 1 order of
magnitude) of trapped 230 keV electrons during local dey
for 5.5 € L 4 7.0, otherwise the prafiles are quite
regular as a function of local time.

There is no apparent large local time effect in -the
amidirectional intensity of electronms E, % 1.6 MeV
as determined from the collection of individual
profiles,
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(6) There was & decrease of about 1 order of magnitude in
the omnidirectiomal intensity of 1.6 MeV electrons
on June 7 to 8, 1963 far 2.0 € L < U4.0 preceded end
followed by periods on the order of one month of
relatively stable intensity.

(7) The gross dependence of the median intensity of 40,
230, and 1600 keV electrons on B in the ocuter zome has
been derived generally with decreasing clarity as L
increases.
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IX. DISCUSSION AND INTERPRETATION OF RESULTS

The diurnal variation in trapped 40 keV electroms in
the outer zone found in this study is in agreement with results
obtained by O'Brien [1963/, McDiarmid and Burrows /I964a/, and
Prank et al. /I96L/. The variation of precipitated 4O keV
electrons is similar to that reported by McDimrmid and Burrows
[I9648] end Frank et al. [I9€G/. The diurnmal variation in
230 keV electrons obtained fram Injun III is very similar to
that observed by Williams and Palmer /I96L/ for 280 keV electroms.
Williems and Palmer find that the diurnal variation of 280 keV
electrons can be explained simply by considering the drift paths
which canserve 4 and I for such perticles in the distorted
magnetosphere., The explanation of diurnal effects observed in
the distribution of 40 keV electrons, both precipitated and
trapped clearly requires detailed consideration of the motion
of such particles in the highly distorted portion of the
magnetosphere for L > 8.0. Electric fields in the magneto-
sphere affect the motion of 40 keV electrons significently
[cf. Hones, 1963]. The experimental determination of the
properties of the geamagnetic field at large radial distances
[cf. cabill and Amazeen, 1963; Cahill, 1964; Ness et al., 196/
carbined with the theoretfcal camputation of electron motioms

in such fields will greatly ald in the understanding of the
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diurnal variation. The observation of the energy dependence of
the diurnal veariation, especially for electron energies less
than 40 keV is also of interest.

The temporal variation in 1.6 MeV electrons which was
cbserved on June 7 and 8, 1963 is similar to other such
occurrences /Pizzella et al., 1962; Farbush et al., 19627.
A notable feature of the decrease was that it was preceded
and followed by periods of over ocne month during which the
intensity variation was relatively small, hence the B
dependence of intensity was determined for both the period
preceding end following the decrease. The decrease in
intensity of 1.6 MeV electrons was apparently produced by a

gradual commencing 1{5 7 magnetic storm on June 6.
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APPENDIX I

Method of Correction of Medians
to a Constant Value of B

In order to relisbly campare the median latitude profiles
of electron intensity as a function of local time account must
be taken of B dependence because the local time of a data
sample is related to the B value through the properties of
the orbit. The gross B dependence was examined at each I,
value by plotting intensity vs B for all the data and by taking
medians on 0.2 gauss intervals. A simple curve was then
graphically fit to the medians as shown in Figures 7, 8, 16,
17, 2k, 25, and 31. For same L values the temporal scatter
of the intensities was small and the medians were easily it
with a simple curve and one could be reasonably sure of the
B dependence, For other I~values, notebly the higher ones,
the scatter of the data was quite large and the corresponding
results for B dependence were less certain. The range of L
values for which the B dependence was found to be sufficiently

certein for a correction to be used were:

Detectar 1 2O L L LTS5
Detector 3 2.0 « L € 6.5
Detectoar 5 2.0 <L <75

Detector & 2.0 < L < 6.0



After the B dependence of the median intensity was
established the median intensities were corrected to a constant
value of B = 0.30 gauss by graphically subtracting fram or adding
to the logarithm of & given intensity reading an amount which
was the logarithm of the inteucity difference between the
median intensity curve at the B value for & given point and
for 0.30 gauss. The median of the ccorrected data points was
then taken. Exactly this procedure was followed for all locel
times and L values for which there were 20 or less data points
and for any situation where the data were not distributed
uniformly in B. In most cases the median intemsity itseif as
a function of L and local time was corrected usirg as the
difference in B the difference between the median B value of
the I~local time group end B = ,30 gauss. The difference
between the result of correcting the median intensity end
the medisn of the corrected intensities was only a few
percent where both types of correction were tested in situations

vhere there were 20 or more data points evenly distributed in B.
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Ratio of Median Counting Rates:
R (E, > 40 keV)/R (E, > 230 keV)

k9

TABLE III

3

Iocal Time Intervals

Invariant
1atitude 09 :00 15:00 21:00 3:00
to to to to
15:00 21:00 3:00 9:00
45,0 64 .8 60.6 138. 63.8
47,5 95.6 100. 115. 101.
50.0 192. 178. 169. 169.
52.5 682, 338. hho, 493,
55.0 754 . 360, Lo1. 582,
57 .5 65 .2 93.8 60.0 67.3
60,0 8.30 2.10 6.40 9.50
62.5 L ,90 L.30 4.20 6.30
65.0 10.2 20.8 21.1 13.3
€7.5 52.0 113. 194, 66.7
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FIGURE CAPTIONS

Figure 1. Representative qulet day letitude profiles of the
directiocnel intensity of electroms E, > 40O keV at
lerge pitch engles (o = 90° + 13°).

Figure 2. Representative disturbed day latitude profiles of
the directional intensity of electroms E, > Lo keV at
large pitch angles (o = 90° + 13°).

Figure 3, C(Corrected median latitude profiles of the directionsl
intensity of 40 keV electroms at large pitch angles
(@ = 90° +13°).

Figure 4, Scatter plot of the directional intemsity electroms
E, > 4O keV at large pitch angles (a = 90° + 13°)
versus B for L = 2.2, 2.6,

Figure 5. Continuation of Figure & for L = 3.5, 4.5.
Figure 6. Continuaticn of Figure 4 for L = 6.0, 7.0.

Figure 7. Summery plot of the median directional intensity of
electrons E, 2 4O kev at large pitch angles

(o = 90° + 13°) versus B for all L values in the range
2.0 < L < k.o,

Figure 8. Continuation of Figure 7 for 4.5 < L < 7.5.

Flgure 9. Representative quiet day latitude profiles 6f the
directional intensity of electrons E, 2 4o keV at
smell pitch angles {0 & 43°). Part I.

Figure 10. Continuation of Figure 9. Part II.

Figure ll. Representetive disturbed day latitude profiles of
the directional intensity of electrons E, 2> 40 kev
at small pitch angles (@ < L43°).
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Figure 12, Corrected median latitude profiles of the directional
intensity of 40 keV electrons at small pitch angles
(@ < 43°).

Figure 13. Scatter plot of the directional intensity of L0 kev

electrons at small pitch angles (@ < U43°) versus B for
L = 2.2’ 2.6'

Figure 14. Continuation of Figure 13 for L = 3.5, 4.5.
Figure 15, Continuation of FMgure 13 for L = 5.5, 7.0.

Figure 16. Summary plot of the median directionsl intensity of
LO keV electrons at small pitch angles (@ < 43°)
versus B for all L values in the range 2.0 £ L X 4.0,

Figure 17. Continuation of Figure 16 for 4.5 & L < 7.5.

Figure 18. Representative quiet day latitude profiles of the
directiconal intensity of electrons E, > 230 keV at
large pitch angles (@ = 90° + 13°).

Figure 19. Representative disturbed day latitude profiles of
the directional intensity of electrons Ee > 230 keV at
large pitch engles (o = 90° +13°).

Figure 20, Carrected median latitude profiles of the directional
intensity of electrons E, 2 230 keV at large pitch angles
(a = %O : 130) .

Figure 21, Scatter plot of the directional intensity of electrons
E, > 230 keV at large pitch angles (a = 90° + 13°)
versus B for L = 2.2, 2.6.

Figure 22. Continuation of Figure 21 for L = 3.5, 4.5,
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Figure 23. Contimuation of Figure 21 for L = 6.0, 7.0.

Figure 24. Summary plot of the median directionsl intensity of
electrons E, > 230 keV at large pitch angles
(@ = 90° + 13°) versus B for all L velues in the range
2.0 < L £ k.0,

Figure 25. Continuation of Figure 24 for 4.5 < LXT7.0.

Figure 26. Scatter plot of the amnidirectional intensity of
electrons E, > 1.6 MeV versus B for L = 2.0, 2.2,

Figure 27. Coatinvation of Figure 26 for L = 2.4, 2.6.
Figure 28, Continuation of Figure 26 for L = 2.8, 3.0.
Figure 29. Continuation of Figure 26 for L = 3.5, 4.5.
Figure 30. Continuation of Figure 26 for L = 6.0, 7.0.

Figure 31. Summary plot of the median cmnidirectional intensity
of elecirons B, » 1.6 MeV versus B for 4.5 < L &£ 6.5.

Figure 32, Plot of the intersection of amnidirectional intensity
versus B curve with B = 0,30 gauss as a function of
latitule () for electrons E, 2 1.6 Mev.

Figure 33. Plot of intensity versus I for revolutian 2022 for
electrons E, 2> kO ke, a = 90° +13°, < L3°;
E, 2 230 keV, a = 90° +13°% E, > 1.6 MeV,
amidirecticaal.

Figure 3k. Plot of intersity versus L for revolution 1886 for
electrons E, > 40 keV, a = 90° +13°, < 43°%;
E, » 230 keV, o = 90° +13° E, > 1.6 MeV,
annidirectional.
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